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Abstract
Objective:	To	assess	the	effect	of	Helping	Mothers	Survive	Bleeding	after	Birth	training	
on	postpartum	hemorrhage	(PPH)	near	miss	and	case	fatality	rates	in	Uganda.
Methods:	 Training	 was	 evaluated	 using	 a	 cluster‐randomized	 design	 between	 June	
2016	and	September	2017	in	18	typical	rural	districts	(clusters)	in	Eastern	and	Central	
Uganda	of	which	nine	districts	were	randomly	assigned	to	the	intervention.	The	main	
outcome	was	PPH	near	miss	 defined	using	 the	World	Health	Organization’s	 disease	
and	management‐based	approach.	 Interrupted	time	series	analysis	was	performed	to	
estimate	the	difference	in	the	change	of	outcomes.
Results:	Outcomes	of	58	000	and	95	455	deliveries	during	the	6‐month	baseline	and	10‐
month	endline	periods,	respectively,	were	included.	A	reduction	of	PPH	near	misses	was	
observed	in	the	intervention	compared	to	the	comparison	districts	(difference‐in‐difference	
of	slopes	4.19,	95%	CI,	–7.64	to	–0.74);	P<0.05).	There	was	an	increase	in	overall	reported	
near	miss	cases	(difference‐in‐difference	1.24,	95%	CI,	0.37–2.10;	P<0.001)	and	an	increase	
in	PPH	case	fatality	rate	(difference‐in‐difference	2.13,	95%	CI,	0.14–4.12;	P<0.05).
Conclusion:	This	pragmatic	cluster‐randomized	trial	conducted	in	typical	rural	districts	
of	Uganda	indicated	a	reduction	of	severe	PPH	cases	while	case	fatality	did	not	improve,	
suggesting	that	this	basic	training	needs	to	be	complemented	by	additional	measures	for	
sustained	mortality	reduction.
Trial registration:	PACTR201604001582128.
K E Y W O R D S
Cluster‐randomized	trial;	In‐service	training;	Maternal	morbidity;	Maternal	mortality;	Near	miss;	
Postpartum	hemorrhage;	Uganda
1  | INTRODUCTION
One‐quarter	of	global	maternal	deaths	are	estimated	to	be	due	to	
postpartum	 hemorrhage	 (PPH).1	 Continuous	 training	 to	 improve	
knowledge	and	skills	of	health	staff	 is	a	key	strategy	for	PPH	pre‐
vention	and	management.	A	recent	systematic	review	summarized	
that	 training	 as	 a	 single	 component	 intervention	 may	 have	 mod‐
erate	 effects	 on	 health	 providers’	 adherence	 to	 best	 practices	 in	
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low‐	 and‐middle	 income	 countries.2	 Various	 trainings	 to	 improve	
health	providers’	skills	to	manage	obstetric	complications	have	been	
conceptualized	and	implemented	for	over	20	years,	with	large	vari‐
ability	in	terms	of	content,	length,	and	how	the	trainings	are	oper‐
ationalized	 (workshops	 outside	 the	 working	 station	 or	 in‐facility	
on‐the‐job	training).	This	impacts	costs	and	scalability.3,4	Most	eval‐
uations	 indicate	some	positive	effects	on	health	providers’	knowl‐
edge	and	skills	as	well	as	practices,	while	evidence	of	the	effect	on	
health	outcomes	is	limited.4,5
The	Helping	Babies	Survive	and	Helping	Mothers	Survive	trainings	
have	been	designed	to	address	education	efficiency	and	constraints	
in	scaling	up.	The	1‐day,	in‐facility	trainings	use	a	competency‐based	
methodology	supported	by	low‐cost	simulation	materials	and	regular	
peer‐supported	 practice	 at	 the	workplace.6	 One	 of	 these	 trainings,	
Helping	Mothers	Survive	Bleeding	after	Birth	(HMS	BAB),	has	shown	
positive	effects	on	knowledge	and	practices,7,8	with	acceptable	reten‐
tion	of	knowledge	after	9	months.9,10	In	Uganda,	a	study	using	direct	
observations	 to	assess	 the	HMS	BAB	 training	provided	evidence	of	
improved	adherence	to	uterotonics	given	within	1	minute	(from	8%	at	
baseline	to	around	50%	at	endline).11	Several	studies	have	provided	
information	 on	 challenges	with	 staffing,	 skills,	 and	 facility	 readiness	
in	Uganda.12,13
Given	that	the	HMS	BAB	training	is	currently	scaled	up	in	over	15	
African	and	Asian	countries,	evidence	of	its	effect	on	health	workers’	
practices	 to	manage	 PPH	 and	maternal	 outcomes	 is	 important.	We	
implemented	two	cluster‐randomized	trials	using	districts	as	the	level	
of	randomization	to	evaluate	the	effect	of	the	training	in	Uganda	and	
Tanzania.14	Results	from	Tanzania	are	published	elsewhere.15 The aim 
of	 the	present	 study	was	 to	assess	 the	effect	of	HMS	BAB	 training	
on	health	providers’	knowledge,	skills,	and	practices,	as	well	as	PPH	
morbidity	and	case	fatality	rates	in	Uganda.
2  | MATERIALS AND METHODS
We	 followed	 the	 CONSORT	 2010	 checklist	 (Table	 S1).	We	 evalu‐
ated	 the	HMS	 BAB	 training	 at	 facilities	 in	 18	 typical	 rural	 districts	
(clusters)	 in	 Eastern	 and	 Central	 Uganda,	 of	which	 half	 (9	 districts)	
were	assigned	to	the	intervention	and	the	other	half	to	the	compari‐
son	group.	We	used	districts	as	clusters	 to	adjust	 for	 the	effects	of	
transfers	between	facilities.	Details	are	presented	in	the	trial	protocol	
paper.14	We	included	22	hospitals	and	21	high	caseload	health	centers	
in	the	18	districts.	Facility	delivery	is	estimated	at	73%	according	to	
the	latest	national	survey.16
Inclusion	criteria	for	a	district	 (cluster)	was	having	a	district	hos‐
pital	 and	 2–3	 large	 health	 centers	 with	 at	 least	 4000	 deliveries	 in	
total	 per	year.	We	excluded	districts	with	other	projects	 supporting	
improvements	for	maternal	health.	All	women	attending	delivery	care	
during	the	period	June	1,	2016	to	September	30,	2017	in	the	selected	
facilities	were	included.
The	 intervention,	HMS	BAB	 training,	was	developed	by	Jhpiego	
and	 Laerdal	 Global	 Health	 and	 includes	 prevention	 and	 basic	 care	
for	PPH	 reinforcing	 skills	 and	 knowledge	 taught	 during	 the	primary	
midwifery	training.	The	initial	1‐day,	in‐facility	training	is	followed	by	
drills	sessions	for	6–8	weeks,	supported	by	peer	practice	coordinators	
selected	from	each	of	the	facilities.	The	training	is	thus	considered	to	
enable	“low	dose,	high	frequency”	 learning.	The	theory	of	change	 is	
presented	elsewhere.15
HMS	BAB	training	took	place	from	December	7–15,	2016	in	21	
implementation	 facilities.	We	 trained	 245	 health	 providers	 for	 one	
day.	Forty‐three	peer	practice	coordinators,	typically	experienced	and	
well‐performing	maternity	providers,	 received	an	additional	half‐day	
training.	Peer	practice	coordinators	were	reminded	by	phone	calls	for	
a	period	of	3	weeks	to	initiate	the	in‐facility	drills.	All	facilities	received	
the	 low‐cost	 MamaNatalie	 (Laerdal,	 Stavanger,	 Norway)	 simulation	
equipment	to	facilitate	the	drills.
Our	 evaluation	 strategy	 used	 the	 Kirkpatrick	model,17	 spanning	
from	evaluating	the	effect	on	health	workers	to	practices	and	health	
outcomes.	We	included	an	assessment	of:	(1)	availability	of	equipment	
and	supplies	modelled	on	similar	tools18;	(2)	knowledge	and	skills	using	
objective	structured	clinical	examination	(OSCE)7;	(3)	health	providers’	
practices;	and	(4)	outcomes	abstracted	from	health	records.	To	obtain	
our	primary	outcome	(near	miss)	and	secondary	outcome	(intervention	
coverage	in	PPH	cases)	we	adapted	the	World	Health	Organization’s	
(WHO)	disease	and	management‐based	near	miss	tool.	We	prospec‐
tively	collected	data	on	near	misses	including	background	information	
on	age,	parity,	induction/augmentation	of	labor,	and	estimated	blood	
loss.19	We	amended	 the	near	miss	definition	 to	 include	any	women	
who	received	at	least	one	blood	transfusion.15,20
Two	midwives	were	trained	as	data	collectors	per	facility.	Training,	
re‐training,	and	supervision	of	data	collectors	are	described	in	detail	
in	 the	protocol	paper.14	Abstracted	data	were	entered	electronically	
on	portable	tablets	and	uploaded	to	a	secure	server	on	a	weekly	basis.	
The	 national	 study	 coordinator	 checked	 data	 first	 every	 two	weeks	
and	later	on	a	monthly	basis.	Regional	study	coordinators	visited	facil‐
ities	every	two	weeks	and	checked	that	data	on	the	paper	forms	were	
consistent	with	the	case	notes	and	what	had	been	entered	on	the	tab‐
let	before	being	uploaded.
Three	primary	outcomes	were	defined:	 (1)	 all‐cause	near	misses	
among	all	women	who	delivered	 in	 the	facility;	 (2)	PPH	near	misses	
among	 all	 women	 who	 delivered	 in	 the	 facility;	 and	 (3)	 PPH	 near	
misses	among	women	who	suffered	PPH	during	facility	delivery.14	We	
defined	PPH	near	miss	case	fatality	as	a	death	of	a	mother	who	expe‐
rienced	PPH	near‐miss.
Our	priori	sample	size	assumed	all‐cause	near	miss	and	PPH	near	
miss	 prevalence	 of	 6%	 and	 2%	 of	 all	 deliveries,	 respectively,21 k	 of	
0.15,	and	80%	power	and	a	95%	confidence	interval	to	evaluate	a	25%	
reduction	 in	 the	 proportion	 of	 the	 baseline	 primary	 indicator.14	We	
matched	the	districts	using	information	from	a	baseline	health	facility	
survey	and	baseline	near	miss	data	collection.	An	independent	biostat‐
istician	performed	the	randomization	stratified	by	region	and	propor‐
tion	of	PPH	near	misses.	The	intervention	did	not	allow	for	blinding	of	
implementers	or	providers.
Stata	 software	version	15.1	 (StataCorp	LLC,	College	Station,	TX,	
USA)	was	used	for	all	analysis,	which	was	based	on	intention‐to‐treat	
analysis.	 The	 unit	 of	 analysis	was	 the	 district.	 Descriptive	 variables	
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obtained	 from	 individual	 health	 facility	 assessments	were	 collapsed	
to	 reflect	 district	 estimates.	 Numerical	 variables	 are	 presented	 as	
median	 and	 interquartile	 range	 (IQR),	 and	 categorical	 variables	 are	
presented	 as	 proportions	 with	 95%	 confidence	 intervals.	 Mann‐
Whitney	U	test	and	χ2	test	were	used	to	compare	the	two	trial	groups	
at	 baseline	 and	 postintervention	 periods.	 P<0.05	 was	 considered	
statistically	significant.
For	 the	 effect	 evaluation	we	 included	 a	 6‐month	 baseline	 period	
(June	 to	 November	 2016)	 before	 the	 intervention,	 and	 a	 10‐month	
endline	period	(December	2016	to	September	2017).	Interrupted	time	
series	analysis	was	used	to	estimate	seven	parameters	for	each	primary	
and	secondary	outcome	computed	for	each	district22:	 (1)	the	preinter‐
vention	slope	 in	 the	comparison	districts,	which	estimates	 the	overall	
trend	 before	 the	 intervention	 period;	 (2)	 the	 difference	 in	 the	 mean	
(intercept)	outcome	between	intervention	and	comparison	districts	prior	
to	the	intervention;	(3)	the	difference	in	the	trend	between	intervention	
and	comparison	districts	before	the	intervention;	(4)	the	change	in	the	
mean	(intercept)	outcome	that	occurs	in	the	period	immediately	follow‐
ing	 intervention	 implementation	 (short‐term	effect)	 in	 the	comparison	
districts;	 (5)	change	 in	slopes	 (long‐term	effect)	after	 the	 intervention,	
F I G U R E  1  Trial	flowchart	(proportions	adjusted	for	clustering)
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compared	to	the	preintervention	period,	in	the	comparison	districts;	(6)	
difference	 between	 intervention	 and	 comparison	 districts	 (short‐term	
effect)	in	the	change	in	the	mean	(intercept)	outcome	that	occurs	in	the	
period	 immediately	 following	 intervention	 implementation	 (short‐term	
effect);	 and	 (7)	 the	 difference	 between	 intervention	 and	 comparison	
districts	in	the	slope	(trend)	change	of	the	outcome	in	the	intervention	
period	compared	to	the	preintervention	period	(long‐term	effect).	These	
parameters	indicate	the	short‐	and	long‐term	improvements	in	the	inter‐
vention	compared	to	the	comparison	districts.
The	 study	 received	 ethical	 clearance	 from	 the	Uganda	National	
Council	 for	 Science	 and	 Technology.	 Written	 informed	 consent	 to	
include	all	facilities	was	gained	from	the	district	medical	officers,	the	
medical	officers	 in	charge	of	the	selected	facilities,	and	all	providers	
that	were	trained	and	assessed	during	the	 intervention.	No	consent	
was	sought	from	individual	women	as	we	only	used	facility	data	rou‐
tinely	collected	in	case	notes	and	registries.
3  | RESULTS
Nine	districts	were	included	in	each	arm.	No	district	or	facility	dropped	
out	of	the	trial.	Indicators	of	near	miss	and	case	fatality	rates	indicated	
higher	rates	in	comparison	facilities	at	baseline	(Fig.	1).
The	readiness	of	the	facilities	to	implement	the	HMS	BAB	inter‐
vention	was	comparable	 (Table	1).	All	 facilities	had	a	median	of	one	
doctor	 and	 the	 differences	 between	 the	 intervention	 and	 compari‐
son	groups	at	baseline	and	endline	were	not	significant	(P=0.356	and	
P=0.412,	 respectively).	The	median	number	of	midwives	and	nurses	
was	23	 (IQR,	20–33)	and	31	 (IQR,	22–40)	at	baseline	 for	 the	 inter‐
vention	and	comparison	districts,	respectively	(P=0.507);	and	29	(IQR,	
24–39)	and	28	(IQR,	20–45)	at	endline	for	the	intervention	and	com‐
parison	 groups,	 respectively	 (P=0.825).	 Oxytocin	 availability	 in	 the	
labor	 room	was	18	of	21	and	20	of	22	 facilities	 in	 the	 intervention	
and	comparison	districts,	respectively,	at	baseline	(87.0%	and	88.9%	
summed	over	districts)	and	reached	100%	at	endline.	Blood	transfu‐
sion	availability	was	16	of	21	and	17	of	22	facilities	in	the	intervention	
and	comparison	districts,	respectively,	at	baseline	(75.9%	and	77.8%	
summed	over	districts)	with	similar	availability	at	endline.
We	 trained	 245	 maternity	 staff	 in	 all	 intervention	 facilities	 in	
December	 2016	 with	 acceptable	 post‐training	 scores	 of	 around	
90%	(Fig.	2).
Our	analysis	of	the	primary	outcome	included	30	443	and	27	557	
deliveries	 in	 the	 intervention	and	comparison	 facilities,	 respectively,	
during	 the	 baseline	 period	 (June	 to	 November	 2016);	 and	 50	 992	
and	44	463	deliveries	 in	 the	 intervention	 and	 comparison	 facilities,	
respectively,	during	the	endline	period	(December	2016	to	September	
2017)	 (Fig.	 1).	 We	 saw	 an	 increased	 number	 of	 documented	 near	
misses	in	intervention	compared	to	comparison	facilities	(long‐term‐
difference	 effect	 1.24,	 95%	 CI,	 0.37–2.10;	 P<0.001)	 (Table	 2).	We	
also	saw	a	reduced	number	of	near	misses	 in	women	with	PPH,	our	
F I G U R E  2  Health	providers’	knowledge	and	skills	before	and	after	Helping	Mothers	Survive	Bleeding	after	Birth	training	(simulation	skills	
tests	were	not	performed	before	the	training).	Abbreviations:	PPH,	postpartum	hemorrhage;	AMTSL,	active	management	of	the	third	stage	of	
labor
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primary	 outcome	 (long‐term‐difference	 effect	 –4.19,	 95%	CI,	 –7.64	
to	–0.74;	P<0.05).
There	was	 an	 increase	 in	 number	 of	 reported	 deaths	 in	 inter‐
vention	compared	to	comparison	facilities	in	women	who	had	PPH	
near	misses	 (long‐term‐difference	effect	2.13,	95%	CI,	0.14–4.12;	
P<0.05).	Furthermore,	more	PPH	cases	were	 reported	 (long‐term‐
difference	 effect	 0.53,	 95%	CI,	 0.15–0.92,	P<0.001).	 The	 number	
of	women	with	PPH	who	 received	oxytocin	 for	 treatment	of	PPH	
reduced	 in	 the	 intervention	 compared	 to	 the	 comparison	 facili‐
ties	 (long‐term‐difference	 effect	 –4.02,	 95%	 CI,	 –6.74	 to	 –1.30;	
P<0.001).	We	observed	no	difference	in	the	long‐term	effect	of	any	
of	our	other	secondary	outcomes.	Amending	the	definition	of	near	
misses	to	include	only	those	cases	where	either	an	organ	dysfunc‐
tion	was	 reported	or	 two	or	more	units	 of	 blood	were	 transfused	
indicated	similar	results	(Table	S2).
4  | DISCUSSION
Our	 cluster‐randomized	 trial	 in	 18	 districts	 and	 including	 43	 hospi‐
tals	and	health	centers	indicates	a	reduction	of	near	misses	in	women	
experiencing	PPH	 in	 intervention	compared	to	comparison	districts.	
We	 saw	 an	 increase	 in	 the	 overall	 near	miss	 cases	 and	 PPH	 cases	
among	 all	 deliveries	 and	 an	 increased	 case	 fatality	 rate	 in	 women	
experiencing	a	PPH	near‐miss.
The	effect	of	the	training	intervention	on	preventing	near	misses	
in	women	experiencing	PPH	is	similar	to	the	effect	seen	in	our	study	
in	Tanzania.15	We	 interpret	 this	 finding	 as	 improved	 recognition	 of	
severe	bleeding	in	response	to	the	training.	Improved	recognition	of	
PPH	was	also	reported	by	other	studies	evaluating	the	HMS	BAB8 and 
other	competency‐based	training.23	We	observed	an	 increased	case	
fatality	rate	in	PPH	near	miss	cases.	This	contrasts	with	our	findings	in	
Tanzania	where	we	observed	a	decline	in	PPH	near	miss	case	fatality	
rate.15	One	reason	could	be	that	while	fewer	women	proceeded	to	a	
near‐miss,	those	experiencing	a	PPH	near‐miss	were	at	higher	risk	of	
death	as	the	available	interventions	could	not	save	them.
Evaluations	indicate	that	HMS	BAB	training	is	acceptable	to	health	
providers	and	increases	knowledge	and	skills,7,8	as	seen	in	the	pres‐
ent	study.	We	report	high	pre‐training	levels	of	knowledge	in	relation	
to	 PPH.	This	 is	 consistent	with	 our	 trial	 in	Tanzania	where	we	 also	
describe	a	pre‐training	mean	score	of	74%.15	The	simulation	indicated	
high	pre‐training	 levels	of	skills	 in	 relation	to	active	management	of	
the	third	stage	of	labor	(AMTSL)	while	the	post‐training	scores	all	com‐
pared	very	well	with	our	results	from	Tanzania.15
Our	 data	 propose	 that	 the	 provision	 of	 uterotonics	 at	 birth	
(AMTSL)	was	implemented	in	around	90%	of	all	births	at	baseline	as	
well	as	endline.	These	data	are	very	similar	to	our	findings	in	Tanzania.15 
However,	as	data	are	reported	by	health	providers,	we	cannot	be	sure	
that	the	uterotonics	were	administered	within	1	minute	according	to	
FIGO	 (International	Federation	of	Gynecology	and	Obstetrics)	 inter‐
national	guidance.24	An	observational	study	in	Uganda	indicated	that	
only	 8%	 of	 birth	 uterotonics	were	 administered	within	 1	 minute.11 
Preliminary	 results	 from	 a	 large	 observational	 study	 including	 over	
10	 000	 observations	 at	 birth	 from	Tanzania	 suggest	 that	 uteroton‐
ics	are	most	often	given	within	2–3	minutes	after	birth,25	most	likely	
because	the	providers	have	difficulties	caring	for	the	newborn	at	the	
same	time	as	 injecting	oxytocin.	The	effect	of	providing	oxytocin	at	
2–3	minutes	after	birth	compared	to	1	minute	is,	however,	unclear.26
The	case	fatality	rate	in	women	experiencing	PPH	continued	to	be	
above	2%,	which	is	above	the	1%	target	proposed	by	the	WHO.27 Our 
trial	in	Tanzania	indicated	similar	high	case	fatality	rates	of	above	2%	in	
women	experiencing	PPH.15	In	view	of	the	limited	availability	of	equip‐
ment,	 staff,	 and	 supplies,	 interventions	 beyond	 stand‐alone	 training	
are	needed	to	address	the	high	mortality	rates.	Several	other	low‐cost	
options	 to	 address	 PPH	 are	 available,	 such	 as	 tranexamic	 acid,	 the	
balloon	 tamponade,	 the	 nonpneumatic	 anti‐shock	 garment,	 and	 an	
advanced	model	of	the	HMS	BAB	that	has	been	conceptualized.28
Our	 trial	 is	 subject	 to	 strengths	 and	 limitations.	We	 report	on	 a	
large	pragmatic	cluster‐randomized	trial	that	included	43	larger	facil‐
ities	and	153	455	births	over	16	months	in	typical	rural	facilities.	Our	
evaluation	 is	 comprehensive,	 spanning	 from	 a	 direct	 effect	 of	 the	
training	 on	 health	 providers’	 knowledge	 to	 practices	 and	 mortality	
outcomes,	which	is	rare.4	Our	all‐cause	near	miss	rate	of	around	6%	
compares	well	with	estimates	published	earlier21	and	the	outcome	of	
interest,	PPH	near‐miss,	was	 also	 in	 the	anticipated	 range	of	2%	of	
deliveries.	While	we	performed	a	 stratified	 randomization,	we	were	
not	 able	 to	 ensure	 balance	 in	 terms	 of	 incidence	 of	 PPH	 and	 case	
fatality	 rate.	Our	comparison	districts	had	higher	all‐cause	and	PPH	
near	miss	rates	as	well	as	PPH	case	fatality	rates.	Our	interrupted	time	
series	analysis,	however,	adjusted	for	these	differences,	which	was	a	
major	strength	of	our	analysis.	Our	analysis	of	the	health	facility	char‐
acteristics	did	not	indicate	any	major	differences	in	terms	of	staffing,	
equipment,	or	supplies	between	districts.
Our	assessment	of	practices	and	outcomes	was	based	on	provid‐
ers’	 documentation	 and	 not	 observations	 by	 external	 staff,11 which 
is	a	major	 limitation.	We	cannot	exclude	under‐	or	over‐reporting	of	
severe	 events.	 Several	 other	 studies	 using	 the	 near‐miss	methodol‐
ogy	used	external	 staff.21	We	 trained	 staff	at	 two	time	periods	 and	
provided	regular	supervision	including	verification	of	uploaded	data	to	
improve	reliability	and	completeness.	However,	case	notes	and	doc‐
umentation	are	challenging	in	settings	where	too	few	providers	care	
for	many	deliveries,	as	 in	our	setting.	Despite	 limitation,	 the	consis‐
tency	of	the	results	of	reduction	in	PPH	near‐miss	mortality	with	our	
Tanzania	trial15	supports	generalizability	to	similar	contexts.
In	 conclusion,	 our	 large	 pragmatic	 cluster‐randomized	 trial	 con‐
ducted	 in	 typical	 rural	 districts	 of	 Uganda	 shows	 improvements	 in	
knowledge	in	response	to	the	HMS	BAB	training	and	a	small	reduc‐
tion	of	severe	PPH	cases.	Case	fatality	rate	continued	to	be	very	high,	
which	points	to	the	need	to	go	beyond	this	basic	training	to	identify	
and	 manage	 PPH.	 Additional	 interventions	 are	 urgently	 needed	 to	
complement	this	HMS	BAB	training.
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